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57 ABSTRACT 

A semiconductor-on-insulator (SOI) device is fabricated by 
forming Spaced apart trenches in a first face of a Semicon 
ductor Substrate. An insulating layer is formed on the first 
face of the Semiconductor Substrate, including on the 
trenches. A Second Substrate is bonded to the insulating 
layer, opposite the Semiconductor Substrate. The Semicon 
ductor Substrate is thinned at a Second face thereof which is 

opposite the first face, until a Semiconductor film remains on 
the insulating layer, having alternating thin and thick film 
Semiconductor regions on the insulating layer. Source/drains 
are formed in the thin film Semiconductor regions. Insulated 
gates are formed on the thick film Semiconductor regions, 
Such that a respective insulated gate is located between 
adjacent Source/drains. SOI devices which can Suppress 
floating body effects and yet provide dense integration may 
thereby be formed. 

25 Claims, 10 Drawing Sheets 
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SEMCONDUCTOR-ON-INSULATOR 
DEVICES INCLUDING ALTERNATING THIN 
AND THICK FILM SEMCONDUCTOR 
STRIPES ON AN INSULATING LAYER 

FIELD OF THE INVENTION 

This invention relates to Semiconductor devices and 
manufacturing methods, and more particularly to 
Semiconductor-on-insulator devices and fabrication meth 
ods. 

BACKGROUND OF THE INVENTION 

Semiconductor-on-insulator (SOI) devices are widely 
used in microelectronics. In general, SOI devices include 
active devices Such as transistors in a thin Semiconductor 
layer which is on an insulator. In contrast, bulk Semicon 
ductor devices include active devices Such as transistors in 
a bulk Semiconductor region. SOI devices often use a layer 
of monocrystalline Silicon as a Semiconductor material. 
These devices are often referred to as Silicon-on-insulator 
devices. 

Transistors which are formed using SOI technology, here 
inafter referred to as SOI transistors, can provide improved 
isolation and can generally withstand higher Supply Voltages 
than bulk semiconductor devices. Moreover, thin film SOI 
transistors generally have Small Subthreshold Swings and 
may be used with operating Voltages of two volts or leSS 
without degrading the operation thereof. 

Unfortunately, SOI transistors may be susceptible to 
bipolar-induced breakdown due to the floating body thereon. 

FIG. 1 is a cross-sectional view which illustrates a con 
ventional SOI transistor, and particularly SOI CMOS tran 
Sistors. AS shown in FIG. 1, an insulating layer 3 is located 
on a Semiconductor Substrate 1. A transistor, comprising a 
gate 7, a source 8 and a drain 9 is formed in a thin 
Semiconductor film on the insulating layer 3. Also included 
is a body layer 5 where the channels of the transistor are 
located, between the Source 8 and drain 9. 
As shown in FIG. 1, unlike conventional bulk transistors, 

the SOI transistor generally does not include a contact which 
can apply a Voltage to the body layer 5. Thus, the body layer 
5 is floating. Unfortunately, the floating body layer 5 may 
reduce the breakdown Voltage of the transistor due to the 
formation of a parasitic bipolar transistor. 

For example, for an N-type transistor, if electrons reach a 
depletion region of the drain 9 from the source 8 where the 
electric field of the drain is increased by the increased 
Voltage of the drain 9, impact ionization may occur due to 
the Strong forces caused by the increased electric field. 
Electron hole pairs may be generated. Electrons are 
extracted through a drain electrode (not shown in FIG. 1) 
and holes move toward the body layer 5 and are stored 
thereat. 

Accordingly, the potential of the body layer 5 may 
increase so that the junction between the body layer 5 and 
the Source is forward-biased. The electrons which are 
injected from the source 8 to the body layer 5 can create a 
parasitic bipolar transistor in which the source 8, the body 
layer 5 and the drain 9 function as an emitter, a base and a 
collector, respectively. 
When the parasitic bipolar transistor is formed, a Snap 

back phenomena may be produced Such that the drain 
current abruptly increases when reduced Voltage is applied 
to the Source and drain of the SOI transistor. Accordingly, 
the breakdown voltage of the SOI transistor may be reduced. 
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2 
It will be understood that the floating body effect 

described above may be reduced by forming contacts to the 
body layer 5. However, since each body layer 5 is isolated 
from the remaining transistors in a conventional SOI device, 
it may be difficult to form body layer contacts. Moreover, for 
highly integrated devices containing many transistors, the 
body layer contact for each contact may reduce the integra 
tion density of the device. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide SOI 
devices which can reduce or Suppress the floating body 
effect, and methods of fabricating the Same. 

It is another object of the present invention to provide SOI 
devices which can apply Voltages to the body region of every 
transistor, and methods of fabricating the Same. 

It is still another object of the present invention to provide 
highly integrated SOI devices and methods of fabricating the 
SC. 

These and other objects are provided, according to the 
present invention, by SOI devices which include a substrate, 
an insulating layer on the Substrate and a Semiconductor film 
on the insulating layer, wherein the Semiconductor film 
comprises alternating thin and thick film Semiconductor 
regions on the insulating layer. The thin film Semiconductor 
regions include a plurality of Source/drains therein. The 
thick film Semiconductor regions form a plurality of body 
layerS and include an insulated gate thereon, a respective 
insulated gate being located between adjacent Source/drains. 
The thick film Semiconductor regions are electrically inter 
connected in the Semiconductor film. Accordingly, each 
body region may be connected to a voltage, to thereby 
reduce the floating body effect, without requiring a decrease 
in integration density. 

Preferably, the thin and thick film semiconductor regions 
comprise alternating thin and thick film Semiconductor 
Stripes. The thick film Semiconductor Stripes extend around 
the ends of the thin film semiconductor stripes, to thereby 
form a continuous thick film region. 

According to another aspect, at least one isolation film is 
included, Surrounding the alternating thin and thick film 
Semiconductor regions. The at least one isolation film is 
thinner than the thick film Semiconductor regions and is 
preferably of the same thickness as the thin film Semicon 
ductor regions. The isolation film is preferably a trench 
isolation film. 

According to another aspect of the present invention, a 
plurality of capacitors are formed in the insulating layer. A 
respective capacitor is electrically connected to a respective 
Source/drain. 
SOI devices are fabricated, according to method aspects 

of the present invention, by forming a plurality of Spaced 
apart trenches in a first face of a Semiconductor Substrate. An 
insulating layer is formed on the first face of the Semicon 
ductor Substrate, including on the trenches. A Second Sub 
Strate is bonded to the insulating layer, opposite the Semi 
conductor Substrate. The Semiconductor Substrate is thinned 
at a Second face thereof, which is opposite the first face, until 
a Semiconductor film remains on the insulating layer, having 
alternating thin and thick film Semiconductor regions on the 
insulating layer. The thinning Step may be provided by 
etching the Semiconductor Substrate at the Second face 
thereof. 

After the Semiconductor Substrate is thinned, a plurality of 
Source/drains are formed in the thin film Semiconductor 
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regions. A plurality of insulated gates are formed on thick 
film Semiconductor regions to define body layers, Such that 
a respective insulated gate is located between adjacent 
Source/drains. 

In a preferred embodiment, at least one isolation trench is 
formed in the first face of the Semiconductor Substrate, 
Surrounding the plurality of Spaced apart trenches, prior to 
forming the insulating layer on the first face. The isolation 
trenches are deeper than the plurality of Spaced apart 
trenches. Then, the thinning Step comprises the Step of 
thinning the Semiconductor Substrate at a Second face 
thereof, which is opposite the first face, until the isolation 
trenches are exposed. 
An interlayer insulating film may be formed on the thin 

and thick film Semiconductor regions, after the Step of 
forming the plurality of Source/drains. The interlayer insu 
lating film may include an electrical contact therein which 
electrically contacts at least one of the thick film Semicon 
ductor regions, and preferably contacts the outermost one of 
the thick film Semiconductor regions. 

Buried capacitors may also be formed in the SOI devices. 
In particular, after the Spaced apart trenches are formed, an 
interlayer insulating film is formed on the first face of the 
Semiconductor Substrate, including on the trenches. The 
interlayer insulating film includes apertures therein which 
expose portions of the trenches. Storage electrodes are 
formed on the interlayer insulating film, electrically con 
tacting the trenches through the apertures. A dielectric film 
is formed on the Storage electrode and plate electrodes are 
formed on the dielectric film, opposite the Storage 
electrodes, to thereby form a buried capacitor. 

Since the thick SOI film which forms the body layer, and 
the SOI film which is formed under the isolation film are 
connected to each other, a Voltage can be applied to the thick 
SOI film of every cell in a cell block by forming a contact 
to the edge of the cell block. Since the body can be fixed by 
a single contact without requiring a contact to be formed in 
each channel, the body floating effect can be reduced or 
Suppressed and high integration may be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a conventional SOI 
device; 

FIG. 2 is a plan view partially illustrating mask patterns 
used in fabricating SOI devices according to the present 
invention; 

FIGS. 3A and 3B are cross-sectional views taken along 
lines 3A-3A and 3B-3B' of FIG. 2; 

FIGS. 4A through 4E are cross-sectional views for 
explaining fabricating methods of SOI devices (in a direc 
tion 3A-3A of FIG. 2) according to a first embodiment of 
the present invention; and 
FIGS.5A and 5B are cross-sectional views for explaining 

fabricating methods of SOI devices according to a Second 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention now will be described more fully 
hereinafter with reference to the accompanying drawings, in 
which preferred embodiments of the invention are shown. 
This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodi 
ments Set forth herein; rather, these embodiments are pro 
Vided So that this disclosure will be thorough and complete, 
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4 
and will fully convey the scope of the invention to those 
skilled in the art. In the drawings, the thickness of layerS and 
regions are exaggerated for clarity. Like numbers refer to 
like elements throughout. It will also be understood that 
when a layer is referred to as being “on” another layer or 
Substrate, it can be directly on the other layer or Substrate, or 
intervening layerS may also be present. Moreover, each 
embodiment described and illustrated herein includes its 
complementary conductivity type embodiment as well. 

Referring to FIG. 2, reference numeral 10 denotes a first 
mask pattern which defines a cell block and reference 
numeral 20 denotes a Second mask pattern which is formed 
in the form of a plurality of lines within the cell block and 
which defines a body. Reference numeral 30 denotes a third 
mask pattern interSecting the Second mask pattern 20 and 
which defines an active region. 

Source/drains are formed where the third mask pattern 30 
intersects the Second mask pattern 20. Also, although not 
shown, a mask pattern for forming gates is positioned 
between neighboring Second mask patterns 20. 
A body semiconductor layer 90 is formed within a cell 

block, excluding the area for the first mask pattern 10 and the 
second mask pattern 20. As shown, the body layer 90 is in 
the form of lines between neighboring Second mask patterns 
20, and the respective lines are connected to each other at the 
edges of the cell block. Therefore, the body layers 90 of the 
respective transistors are connected to each other within the 
cell block defined by the first mask pattern 10. 

FIG. 3A and 3B are cross-sectional views illustrating SOI 
devices formed using the layout of FIG. 2, taken along lines 
3A-3A and 3B-3B' of FIG. 2. Referring to FIGS. 3A and 3B, 
an insulating layer 55 is formed on a second substrate 50 
which may be a semiconductor substrate, and a thin SOI film 
and a thick SOI film are alternately formed thereon to form 
an active region 75 having a predetermined size. The thin 
SOI film is formed where the second mask pattern 20 and the 
third mask pattern 30 shown in FIG. 2 intersect, and corre 
sponds to a source/drain 85. The thick SOI film is formed at 
a portion excluding the Second mask pattern 20, and corre 
sponds to a body layer 90 of the SOI device. A gate 80 is 
formed on the body layer 90. 

Also, a trench-type isolation film 70 between the active 
regions 75 is formed by the third mask pattern (30 of FIG. 
2) and is thinner than the thick body layer 90. Active regions 
75 are preferably the same thickness as the thin source/drain 
85. As shown in FIG. 3A, parts of the body layer 90 remain 
under the isolation film 70. As shown in FIG. 3B, the body 
layer 90 within the active region 75 and under the isolation 
film 70 are connected to each other to form the intercon 
nected body layer 90. 
The body layers 90 of the respective transistors connected 

in a line, as shown in FIG. 2, are connected at the edges of 
the cell block. In other words, the body layer 90 of the 
respective transistors are electrically connected throughout 
the cell block. Although not shown, a Voltage can be applied 
throughout the cell block through a contact. Therefore, Since 
carriers Stored in the body, e.g., holes, can be extracted 
through one contact, the floating body effect can be reduced 
and high integration can be provided. 

FIGS. 4A through 4E are cross-sectional views for 
explaining fabricating methods of SOI devices (in the direc 
tion 3A-3A of FIG. 2) according to a first embodiment of 
the present invention. FIG. 4A illustrates a step of forming 
a first trench T1 in a first semiconductor Substrate 60 Such as 
a silicon Substrate. The first semiconductor Substrate 60 is 
etched using a conventional lithography process to form the 
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first trench T1 defining a cell block at the edge of a portion 
where a cell is to be formed. 

The bottom of the first trench T1 can serve as an etch stop 
when thinning (e.g. etching or polishing) the first Semicon 
ductor Substrate 60. AS Such, first trench T1 need not be 
formed when performing in-Situ monitoring of the thickneSS 
of a wafer during the polishing process. 

FIG. 4B illustrates a step of forming Second Spaced apart 
trenches T2 in a first face of the first semiconductor Substrate 
60. The second trenches T2 are formed in the form of a 
plurality of lines in the first semiconductor substrate 60. The 
depths of the second trenches T2 are smaller than that of the 
first trench T1. The depth difference between the first and 
second trenches T1 and T2 may determine the depth of the 
Source/drain to be formed later, i.e., a junction depth. 
An insulating layer 55 is then formed on the first face of 

the Semiconductor Substrate 60, for example by depositing 
an insulating material, e.g., an oxide, on the first face of the 
Semiconductor Substrate. Then, the Surface of the insulating 
layer 55 is planarized by an etch-back or polishing process. 
Next, a second wafer 50 is bonded on the planarized 
insulating layer 55 by a conventional wafer bonding method. 
Wafer 50 need not be a semiconductor wafer. 

FIG. 4C illustrates a step of forming an SOI film 63. 
Subsequently, the Second face of the first Semiconductor 
Substrate 60 which is opposite the first face, is thinned, e.g. 
by etching or polishing, to form the SOI film 63. The 
polishing process preferably is continued until the bottom of 
the first trench T1 is exposed. Therefore, the SOI film 63 is 
comprised of a thin film 63a and a thick film 63b. 

FIG. 4-D illustrates a step of forming an isolation film 70. 
The isolation film 70 is formed by performing an isolation 
process on the structure having the SOI film 63 formed 
therein, for example a trench isolation process, to define an 
active region 75. In this case, the isolation film 70 can also 
be formed using a LOCal Oxidation of Silicon (LOCOS) 
proceSS when the pattern of the active region to be formed 
is large. 

In both cases, the isolation film 70 is thinner than the thick 
SOI film 63b, and is preferably the same thickness as the thin 
SOI film 63a. Therefore, parts of the thick SOI film 63b 
remain under the isolation film 70, and the thick SOI film 
63b formed within the active region 75 and remaining under 
the isolation film 70 are connected to each other (see FIG. 
3). 

FIG. 4E illustrates a step of forming a gate electrode 80 
and a source/drain 85. A gate oxide film (not shown) is 
formed on the substrate 55 having the isolation film 70 
therein. A conductive material, e.g., polysilicon, is deposited 
thereon to be patterned by a lithography process, thereby 
forming the gate electrode 80 for the SOI device on the thick 
SOI film (63b of FIG. 4C). Impurities are implanted into the 
thin SOI film 63a using a conventional ion implantation 
process. Therefore, the source/drain 85 is formed in the thin 
SOI film 63a and the body layer 90 is formed in the thick 
SOI film 63b. For an N-channel SOI device, the Source/drain 
85 is doped N type, and the body layer 90 is doped P type. 

Subsequently, an interlayer insulation film (not shown) is 
formed on the structure. A body contact (not shown) expos 
ing a predetermined portion of the body layer 90, e.g. the 
edge of the cell block, is formed by a conventional contact 
forming process. Then, a Source/drain interconnection (not 
shown) and a body contact interconnection (not shown) are 
formed by an interconnection process, thereby completing 
the SOI device. 
As described above, SOI devices according to the first 

embodiment of the present invention may be fabricated Such 
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6 
that the body layer having a channel formed therein is 
formed of a thick film, the Source/drain is formed of a thin 
film, and the isolation film is thinner than the body layer. 
Part of the body layer remains under the isolation film. 
Therefore, the body layer of the active region and under the 
isolation layer are connected to each other So that the body 
layers within the cell block are interconnected. A voltage 
thus can be applied to the body layers of all cells in the cell 
block through a contact formed at the edge of the cell block. 
Since the body layers can be fixed by one contact without 
requiring formation of a contact for each transistor in the cell 
block, the floating body effect can be reduced or Suppressed 
and high integration can be obtained. 

FIGS. 5A and 5B are cross-sectional views for explaining 
fabricating methods of SOI devices according to a Second 
embodiment of the present invention. This embodiment is 
Similar to the first embodiment, except that a capacitor is 
formed before bonding the second substrate 50. 

FIG. 5A illustrates a Step of forming a capacitor on the 
first semiconductor substrate 60 having the second trench T2 
formed therein. The same steps as in the first embodiment 
may be performed up to the Step of forming the Second 
trench T2 shown in FIG. 4B. Then, an interlayer insulating 
film 54 is formed on the structure. The interlayer insulating 
film 54 is preferably planarized in the same manner as the 
insulating layer 55 of FIG. 4B according to the first embodi 
ment. 

The planarized interlayer insulating film 54 is patterned 
by a conventional lithography process to form a Storage 
contact hole partially exposing the Second trench T2. A 
conductive material, e.g., polysilicon, is deposited and 
patterned, thereby forming a storage electrode 56 for a 
capacitor. Subsequently, a dielectric material is deposited on 
the Storage electrode 56 and patterned if necessary, thereby 
forming a dielectric film 58 for a capacitor defined in the 
storage electrode 56. A plate electrode 62 is then formed. 

Next, an insulating material, e.g., oxide, is deposited to 
form an insulating layer 55. Thereafter, the step of bonding 
the second substrate 50 on the insulating layer 55 is per 
formed in the same manner as the first embodiment. 

FIG. 5B illustrates a step of completing the SOI device. 
The Steps may be performed in the same manner as those in 
the first embodiment, thereby completing the SOI device 
having a buried capacitor formed thereunder. Although not 
shown, a bit line also may be formed prior to a Second 
Substrate bonding procedure to then be buried underneath 
the SOI film. 

According to the Second embodiment, Since the capacitor 
or bit line is buried underneath the SOI film, planarization 
and dense integration can be achieved efficiently. 

In the drawings and Specification, there have been dis 
closed typical preferred embodiments of the invention and, 
although specific terms are employed, they are used in a 
generic and descriptive Sense only and not for purposes of 
limitation, the Scope of the invention being Set forth in the 
following claims. 

That which is claimed: 
1. A Semiconductor-on-insulator (SOI) device compris 

ing: 
a Substrate; 
an insulating layer on the Substrate; and 
a Semiconductor film on the insulating layer, the Semi 

conductor film comprising alternating thin and thick 
film Semiconductor Stripes on the insulating layer, 
wherein the thin film Semiconductor Stripes include a 
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plurality of Source/drains therein, and wherein the thick 
film Semiconductor Stripes include an insulated gate 
thereon, a respective insulated gate being located 
between adjacent Source/drains, and wherein the thick 
film Semiconductor Stripes are electrically intercon 
nected in the Semiconductor film. 

2. An SOI device according to claim 1 wherein the thick 
film Semiconductor Stripes extend around the ends of the 
thin film Semiconductor Stripes. 

3. An SOI device according to claim 1 further comprising 
at least one isolation film Surrounding a plurality the alter 
nating thin and thick film Semiconductor Stripes. 

4. An SOI device according to claim 3 wherein the at least 
one isolation film is thinner than the thick film Semiconduc 
tor Stripes. 

5. An SOI device according to claim 4 wherein the at least 
one isolation film is of Same thickness as the thin film 
Semiconductor Stripes. 

6. An SOI device according to claim 5 wherein the at least 
one isolation film is at least one trench isolation film. 

7. An SOI device according to claim 1 further comprising: 
a plurality of capacitors in the insulating layer, a respec 

tive one of which is electrically connected to a respec 
tive Source/drain. 

8. An SOI device according to claim 1 wherein the 
insulating layer comprises alternating thick and thin insu 
lating regions, a respective one of which is adjacent a 
respective one of the alternating thin and thick film Semi 
conductor Stripes. 

9. A semiconductor-on-insulator (SOI) device compris 
ing: 

a Substrate; 
an insulating layer on the Substrate; and 
a laterally extending Semiconductor film on the insulating 

layer, the laterally extending Semiconductor film com 
prising alternating vertically thin and vertically thick 
film Semiconductor Stripes on the insulating layer. 

10. An SOI device according to claim 9 wherein the thin 
film Semiconductor Stripes include a plurality of Source/ 
drains therein, and wherein the thick film Semiconductor 
Stripes include an insulated gate thereon, a respective insu 
lated gate being located between adjacent Source/drains. 

11. An SOI device according to claim 9 wherein the thick 
film Semiconductor Stripes extend around the ends of the 
thin film Semiconductor Stripes. 

12. An SOI device according to claim 9 wherein the thick 
film Semiconductor Stripes are electrically interconnected in 
the Semiconductor film. 
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13. An SOI device according to claim 9 further compris 

ing at least one isolation film Surrounding a plurality of the 
alternating thin and thick film Semiconductor Stripes. 

14. An SOI device according to claim 13 wherein the at 
least one isolation film is thinner than the thick film semi 
conductor Stripes. 

15. An SOI device according to claim 14 wherein the at 
least one isolation film is of Same thickneSS as the thin film 
Semiconductor Stripes. 

16. An SOI device according to claim 13 wherein the at 
least one isolation film is at least one trench isolation film. 

17. A semiconductor-on-insulator (SOI) device compris 
ing: 

a Substrate; 
an insulating layer on the Substrate; and 
a laterally extending Semiconductor film on the insulating 

layer, the laterally extending Semiconductor film com 
prising alternating vertically thin and vertically thick 
film Semiconductor Stripes on the insulating layer; 

wherein the insulating layer comprises alternating thick 
and thin insulating regions, a respective one of which 
is adjacent a respective one of the alternating thin and 
thick film Semiconductor Stripes. 

18. An SOI device according to claim 17 wherein the 
alternating thin and thick film Semiconductor Stripes com 
prise alternating thin and thick film Semiconductor Stripes. 

19. An SOI device according to claim 18 wherein the 
thick film Semiconductor Stripes extend around the ends of 
the thin film Semiconductor Stripes. 

20. An SOI device according to claim 17 wherein the thin 
film Semiconductor Stripes include a plurality of Source/ 
drains therein, and wherein the thick film Semiconductor 
Stripes include an insulated gate thereon, a respective insu 
lated gate being located between adjacent Source/drains. 

21. An SOI device according to claim 18 wherein the 
thick film Semiconductor Stripes are electrically intercon 
nected in the Semiconductor film. 

22. An SOI device according to claim 18 further com 
prising at least one isolation film Surrounding the alternating 
thin and thick film Semiconductor Stripes. 

23. An SOI device according to claim 22 wherein the at 
least one isolation film is thinner than the thick film semi 
conductor Stripes. 

24. An SOI device according to claim 23 wherein the at 
least one isolation film is of Same thickneSS as the thin film 
Semiconductor Stripes. 

25. An SOI device according to claim 22 wherein the at 
least one isolation film is at least one trench isolation film. 
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